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The 2001 energy crisis in Brazil underscores the importance of understanding rainfall
variability in South America. Brazil relies on its nearly 600 hydroelectric dams for 90 percent of

its electricity supply. South America as a whole relies on hydroelectric power for about 50

percent of its electricity needs. A better understanding of the variability of precipitation in South

America could lead to better seasonal prediction of precipitation and improving the management

of energy production and consumption.

In this study a comparison of the variability of atmospheric winds and of the organization

of cloudiness and rainfall in South America during January-March of 1998 (JFM98) and January-
March of 1999 (JFM99) is presented. Variations of precipitation in subtropical South America are

strongly related to the variations of a northerly current that flows along the eastern side of the

Andes Mountains bringing warm, moist tropical air from the Amazon basin to subtropical South

America (parts of Southern Brazil, Uruguay, and Argentina). This warm, moist current is known

as the South American low-level jet, or SALLJ. According to the National Center for
Environmental Prediction, the SALLJ was nearly twice as strong during January-March (JFM) of

the 1998 El Nifio episode than during JFM of the 1999 La Nifia episode. The difference in SALLJ

strength between these two years translated into a stronger flow of moist tropical air into
subtropical South America during JFM98. As a consequence of the enhanced moisture supply,

twice as much rainfall fell in subtropical South America during JFM98 than during JFM99.
Through a careful analysis of 3-hourly satellite images we found that larger and more numerous

cloud systems were present in subtropical South America during JFM98 than during JFM99. The

analysis of timeseries of winds and cloud system occurrence we determined that most of the large
cloud systems observed in SSA occurred during times when the SALLJ was strong over Bolivia.

The difference between JFM98 and JFM99 SALLJ strength in Bolivia is in part

explained by the winds produced by the South Atlantic Convergence zone (SACZ), which is a
stationary region of enhanced cloudiness and precipitation that extends from the Amazon region
southeastward into the Atlantic ocean. Periods when the SACZ is present are marked by southerly

or weak northerly winds in Bolivia. The South Atlantic convergence zone was more prominent

during JFM99 than during JFM98 leading to a weaker SALLJ during JFM99. The Southern

Oscillation also contributed to the observed variability of the SALLJ in Bolivia.

In the tropical portions of South America nearly six times more cloud systems were

observed during JFM99 than during JFM98. This was accompanied by more plentiful

precipitation in the Amazon basin and in the Bolivian Altiplano during JFM99 than during
JFM98. In this region, the Southern Oscillation was probably the most important contributor to

the observed cloud system and precipitation differences.
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Abstract

A comparison of the submonthly variability of atmospheric circulation and organization

of convection in South America during January-March of 1998 (JFM98) and January-March of

1999 (JFM99) is presented.

According to the National Center for Environmental prediction reanalyses, the South

American low-level jet (SALLJ) was nearly twice as strong during January-March (JFM) of the

1998 El Nifio episode than during JFM of the 1999 La Nifia episode. The difference in SALLJ

strength between these two years translated into a stronger transport of moist tropical air into the

subtropics during JFM98 than during JFM99. An objective analysis technique was used to

identify large, long-lived convective cloud systems in infrared imagery. The stronger SALLJ

resulted in larger and more numerous convective cloud systems and nearly twice as much rainfall

in subtropical South America (parts of Southern Brazil, Uruguay, and Argentina) during JFM98

than during JFM99.

The difference between JFM98 and JFM99 SALLJ strength in Bolivia is in part

explained by submonthly variability associated with the South Atlantic Convergence

zone (SACZ). Periods when the SACZ is present are marked by southerly or weak

northerly winds in Bolivia. The South Atlantic convergence zone was more prominent

during JFM99 than during JFM98 leading to a weaker SALLJ during JFM99. On

submonthly timescales, the majority of the large convective cloud systems observed in

SSA occurred during times when the SACZ was absent and the SALLJ was strong over

Bolivia. Interannual variability associated with the Southern Oscillation may also have

contributed to the observed interannual variability of the SALLJ in Bolivia.



In thetropicalportionsof SouthAmericanearlysixtimesmoreconvectivecloudsystems

wereobservedduringJFM99thanduringJFM98.Thiswasaccompaniedby moreplentiful

precipitationin the Amazonbasinandin the BolivianAltiplanoduringJFM99thanduring

JFM98.Interannualvariability associatedwith the SouthernOscillationwasan important

contributorto the observedconvectivecloudsystemandprecipitationdifferencesin tropical

SouthAmerica.
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1. Introduction

The long, narrow, low-level northerly wind current that flows to the to the east of the

Andes mountains year round is known as the South American low-level jet (SALLJ, e.g.,

N6gues-Paegle and Mo 1997, and Saulo et al. 2000). The SALLJ supplies the warm, moist

tropical air that fuels convection and precipitation in the subtropical plains of South America

(Saulo et al. 2000). The variability of precipitation in the subtropical plains of South America is

therefore closely tied to the variability of the SALLJ. The SALLJ is in turn modulated by the

Southern Oscillation on interannual timescales (Zhou and Lau 1999), frontal passages and the

South Atlantic convergence zone (SACZ) on submonthly timescales, and boundary layer

dynamics on diurnal timescale. A preliminary study of the spatial structure and diurnal variability

of the SALLJ is presented in Saulo et al. (2000). This paper focuses on the submonthly variability

of the SALLJ and organization of convection in South America during January-March of the

1998 El Nifio and January-March of the 1999 La Nifia.

The low-level circulation associated with frontal passages in South America modulates

the intensity and location of the SALLJ on timescales of about a week. Along the eastern slope of

the Andes, baroclinic waves produce strong intrusions of cold air into the tropics that organize

synoptic scale bands of deep convection propagating equatorward along the frontal boundary

(Garreaud, 2000). Ahead of the frontal system, low-level northwesterly flow extends from the

tropics into midlatitudes contributing to a strong, well-defined SALLJ. In the wake of the frontal

system low level southerly flow prevails and the SALLJ along the eastern slope of the Andes is

weakened or absent.

The variability of the SALLJ on submonthly timescales is also modulated by the SACZ

(Seluchi and Marengo 2000). The SACZ is a northwest-southeast oriented stationary region of
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enhancedconvectionthatextendssoutheastwardfrom theITCZconvectionanchoredoverthe

AmazonregionintotheSouthAtlanticOcean.EachindividualSACZepisodeiscomposedof one

or severalmidlatitudecoldfrontsthatintrudeinto thesubtropicsandtropics,becomingstationary

for afewdaysoversoutheasternBrazil.In fact,duringthesummertimecoldfrontsoftenorganize

convectionnot only in southernSouthAmerica,but alsoin theAmazonbasinandnortheast

Brazil (Kousky 1985).The SACZ is part of a well-knowndipole patternof submonthly

variabilityof precipitationandcirculationoverSouthAmerica(CasarinandKousky1986,

Nogues-PaegleandMo 1997,Liebmannet al. 1999,Nogues-Paegleet al. 2000).Dependingon

thepositionof theSACZ,tropicalair flows into the subtropicsat two preferredlongitudes

(SeluchiandMarengo2000).WhentheSACZis absent,theSALLJis locatedalongtheeastern

foothillsof theAndesMountains,in Bolivia,carryingthetropicalmoisturethatfuelsconvection

andprecipitationin thePlatariver basin.WhentheSACZis presenttheSALLJis displaced

eastward,divertingthe tropicalmoistureflux awayfrom the Platariver basinandtoward

southeasternBrazil,alongthestationaryfrontalzone(Rickenbachet al.2002,Herdiesetal 2002).

In a studythatencompassedeightsouthernsummers,Sugaharaet al. (1994)foundthatin days

whentheSALLJis strongin Boliviaconvectionis intensein subtropicalSouthAmericaand

weakin theSACZregion.Theyalsofoundnomodulationof Amazonconvectionby thestrength

of theSALLJinBolivia.

The SouthernOscillation (SO) is the most importantcoupledocean-atmosphere

phenomenonto produceinterannualvariabilityof globalclimate.In SouthAmerica,theSO

affectsprecipitationpatternsin Ecuador,Peru,Amazonbasin,NortheastBrazil, andalsoin

SubtropicalSouthAmerica(orSSA,hereafterdefinedassouthernBrazil,Uruguay,andEastern

Argentina/Paraguay).



AmongthemostconsistentSOrelatedprecipitationanomaliesin theAmericasis the

tendencyfor decreasedprecipitationduringJuly of anEl Nifio year throughMarchof the

following year in northernBrazil, Suriname,Guianaand FrenchGuiana,and Venezuela

(RopelewskiandHalpert1987,LauandSheu1988).Coastalareasof PeruandEcuadorreceive

morerainfallthannormalduringwarmSOyearsandlessrainfall thannormalduringcoldSO

years(Aceituno1988).Thetropicalresponseto SSTanomaliesis dominatedby atmospheric

overturningin HadleyandWalkercirculations(e.g.Trenberthet al. 1998).The SOaffects

tropicalSouthAmericanclimateby producingzonalshiftsof the Walkercirculationin the

Pacific-SouthAmericansector.DuringanE1Nifio year,for instance,warmequatorialSSTsand

enhancedprecipitationarefoundeastwardof theirnormalpositionin thePacificOcean.Suchan

eastwardshiftof theprecipitationin thePacificOceanproducesaneastwardshiftof theWalker

circulationwithenhancedlow-levelequatorialwesterliesin theeasternPacificandenhancedlow-

levelequatorialeasterliesoverSouthAmericaandtheAtlanticOcean(e.g.Gill andRasmusson

1983).Upper-levelcirculationsarein theoppositesense.Upwardmotionoccursin theeastern

Pacificwhereprecipitationis increasedandsubsidenceoccursovertropicalSouthAmericaand

overtheAtlanticITCZ,suppressingprecipitationin thoseregions(ZhouandLau2001).

In subtropicalSouthAmerica,thestrongestpositiveprecipitationanomaliesoccurduring

theaustralspringof theyearof thewarmevent(e.g.,Grimmet al. 2000,andPisciottanoetal.

1994,Lau andSheu1988).Negativeprecipitationanomaliesprevailin SSAduringtheaustral

springof a cold eventyear.The SOprecipitationanomaliesin subtropicalSouthAmerica

anomaliestendto weaken,andin somecasesreverse,duringtheaustralsummerof thefollowing

year (Grimmet al. 2000,and Pisciottanoet al. 1994).Tropical SSTanomaliesaffect the

extratropicsindirectlythroughteleconnections.Theprecipitationandlatentheatinganomalies

causedbySOtropicalSSTanomaliesaltertheforcingof large-scaleRossbywavesthatpropagate

into theextratropics(e.g.Trenberthet al. 1998).Ultimately,theextratropicalresponseto SST
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anomalies such as the SO is less robust and predictable than the tropical response due to the

chaotic nature of extratropical circulations such as transient baroclinic waves (e.g., Shukla et al.

2000).

Much of the growing season rainfall in the Plata River Basin is produced by large

mesoscale precipitation systems. The precipitation produced by these systems benefits agriculture

and hydroelectric power production in subtropical South America, but can also cause severe

floods in major metropolitan areas. For instance, Torres and Nicolini (1999) studied a mesoscale

convective system that formed near the mouth of the Plata river and produced 308 mm of rain and

flooding in the city of Buenos Aires, Argentina. Mesoscale convective complexes _ (Maddox

1980) are a well-studied subset of mesoscale precipitation systems characterized by large size and

longevity. These systems display a nearly circular cold-cloud shield in IR satellite imagery and

produce copious rainfall in many, mostly continental, regions of the world including the Plata

river basin (Velasco and Fritsch, 1987, and Laing and Fritsch 1997). MCCS have been studied

extensively because their large circular, long-lived cloud shields are easily identified, and their

impact on the ambient large-scale flow is measurable by standard synoptic radiosonde networks

(Maddox, 1983). Most MCCs occur over land regions situated on the lee side of major

topographic features and downstream from a low-level jet that brings a continuous supply of

warm-moist tropical air to feed the convection (Maddox 1983, and Laing and Fritsch 1997). The

Plata River Basin is a favorable region for the occurrence of MCCs because of its location on the

lee side of the Andes Mountains and downstream of the SALLJ that supplies the MCCs with

warm-moist air from the Amazon Basin.

i The term mesoscale convective complex (MCCs) is an infrared satellite image-based

definition of cloudiness that was coined by Maddox (1980) to classify the mesoscale

systems that produce copious rainfall over the North American Great Plains during the

growing seasons (Spring and Summer).
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VelascoandFritsch(1987)useda two-yearinfrared(IR) imagesdatasetto document

mesoscaleconvectivecomplexes(MCCs)in theAmericasandEasternPacificOcean.In the

tropicalportionsof theirdomaintheydocumentedthepresenceof MCCsin theEasternPacific

Ocean,andin ColombiaandParaguay.In subtropicalSouthAmericatheydocumentedlarge

(500000km2averagecoldcloudshield),long-lived(meandurationof 11hours),predominantly

nocturnalMCCs(maximumcold cloud shieldsbetween2 and6 amlocal time), thathad a

maximumfrequencyof occurrenceduringNovemberthroughJanuary(VelascoandFritsch

1987).VelascoandFritsch(1987)also suggestedthat El Nifio modulatesthe interannual

variabilityof MCCfrequencyin subtropicalSouthAmericawith twiceasmanyMCCsoccurring

duringthe1982-1983El Nifioyearthanduring the 1981-1982 non-El Nifio year.

However, by focusing exclusively on MCCs it is likely that a large fraction of convective

system variability will be missed. For example, Laing et al. (1999) reported that MCCs account

for only 22 percent of wet season rainfall in the African Sahel while an average of about 50

percent of summertime rainfall in the U. S. Great Plains is associated with MCCs (Fritsch et al

1986). For this reason, Anderson and Arrit (1998) relaxed the most restrictive MCC criterion, that

is, a nearly circular cloud shield, to include all large, long-lived convective cloud systems in the

U. S. Great Plains. They found that this nearly tripled their convective system population.

In order to better understand the observed differences in South American atmospheric

circulation and precipitation patterns between January-March 1998 (JFM980) and January-March

1999 (JFM99) we study the relationship between the SALLJ, the SACZ, and the organization of

convection in South America on submonthly timescales during the two seasons. Due to the

sparseness and intermittency of the South American radiosonde network, the structure and

temporal variability of the SALLJ are not well known. The Southern summers of 1998 and 1999
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arewellsuitedtothestudyof theSALLJbecauseof theunprecedentedadditionalradiosonde and

pilot balloon observations in Bolivia and Brazil during PACS-SONET and (Pan-American

Climate Studies Sounding Network) and TRMM-LBA (NASA/Tropical Rainfall Measuring

Mission and Large-scale Biosphere-Atmosphere Experiment) field campaigns. Sharply

contrasting Southern Oscillation conditions prevailed during JFM98 and JFM99. While during

JFM98 one of the strongest El Nifio episodes in record was under way in the Pacific Ocean

(Wolter and Timlin, 1998), strong La Nifia conditions prevailed in the Pacific Ocean during

JFM99. According to the National Center for Environmental Prediction (NCEP) reanalyses, the

SALLJ was nearly twice as strong during JFM of the 1998 El Nifio episode than during JFM of

the 1999 La Nifia episode. The difference in SALLJ strength between these two years translated

into a stronger moisture inflow into the subtropical plains of South America during JFM98. This

favored a greater number of larger, long-lived convective cloud systems and nearly twice as much

rainfall in the subtropical plains of South America during JFM98 than during JFM99.

This paper is organized as follows. Section 2 discusses a convective system objective

tracking technique that is applied to three-hourly IR satellite imagery in order to characterize the

temporal and spatial distribution of convective cloud systems in South America. In section 3, the

differences in convective cloud system populations over South America during JFM98 and

JFM99 are studied within the context of the observed interannual variability of the atmospheric

circulation given by the NCEP (National Center for Environmental Prediction) reanalyses. In

section 4, PACS-SONET pilot balloon observations at Santa Cruz and Trinidad, Bolivia, are used

to validate the NCEP reanalyses and to study the submonthly variability of circulation and

convective cloud systems during the two years.

2. Convective system IR tracking technique



A half-hourly global geostationary infrared (IR) data set (14 km resolution) for JFM98

and JFM99 was obtained from the Global Hydrology Resource Center (GHRC) at the Global

Hydrology and Climate Center. These images have been remapped by GHRC to a Mercator

projection, making it possible to navigate the images with good accuracy. We extracted a subset

of the global images over South America, and applied a conversion from IR count to brightness

temperature used for the GOES-8 satellite. For this study, only IR images every three hours were

examined. The IR images for the periods between 1-4 and 7-9 January 1999 were missing.

Convective cloud systems were identified and tracked in consecutive IR images with the

use of the Maximum Spatial Correlation Tracking Technique (MASCOTI'E) (Carvalho and Jones

2001). Convective cloud systems are tracked with the assumption that the spatial correlation

between regions defined by a given convective cloud system in consecutive images remains

above a certain threshold. The methodology of identification of convective cloud systems and

determination of the evolution and structural properties of its cloud shield using IR images is

briefly discussed below. For more information on tracking techniques the reader is referred to

Carvalho and Jones (2001), and Machado et al. (1998).

Individual convective cloud systems are defined as contiguous regions with brightness

temperature (Tb) lower than 220°K in the GOES IR images. While a threshold of 235°K for Tb

has been used to identify structural properties of convective cloud systems in previous studies of

MCCs (e.g. Maddox 1980, and Velasco and Fritsch 1987), a careful examination of the IR images

identified numerous problems with the use of the 235°K threshold. In the images used in this

study, the 235°K contour often covered very large areas, many times an entire front or large areas

of multiple convective cloud systems. The splitting, merging, and loss of continuity of the

systems defined by the 235°K contour also caused the statistics produced by MASCOTTE using
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thatthresholdto beof little value. The MASCOTTE tracks were much improved with the use of

the 220°K threshold. McAnelly and Cotton (1989) also modified Maddox's (1983) MCC

identification threshold to use the 220°K brightness temperature contour in their study of MCC

lifecycle and rainfall production over the U. S. Great Plains. As a justification for changing

Maddox's temperature threshold they cite the fact that most rainfall is associated with colder

cloud shields in addition to the problems discussed above. The choice of a threshold value is in

fact quite arbitrary and not based on any physical property of convective cloud systems.

Moreover, it is well recognized that defining convective cloud systems by the contiguous cloud

shield may obscure important details of the mesoscale organization and evolution of the

underlying precipitation (Rickenbach 1999). An example of that is the presence of multiple

systems under a common cloud shield. Our focus here is only to identify the approximate

location, duration, and extent of large, long-lived convective cloud systems.

In order to emphasize the modulation of convective cloud systems with longer life cycles,

we consider systems with an equivalent radius (R) of at least 100 km. A given convective system

lasts while its Tb is lower than 220°K, R is greater than 100 km, and while the correlation

between its cloud shield in two consecutive images remains greater than 0.3. The system

calculates several properties of the convective system cloud shield such as its center of gravity,

horizontal area, and eccentricity (defined as the ratio of minor axis to major axis of each

convective system feature). In addition, MASCOTTE provides the horizontal area and

coordinates of the center of gravity of the coldest portion of the cloud system defined using a

temperature threshold 210°K, which may be more closely related to the dynamically active

portion of the system.

3 Convective cloud systems and atmospheric circulation during JFM98 and JFM99
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In this section we present the results obtained from the objective convective system IR

tracking technique and relate them to the observed precipitation and tropospheric circulation

patterns during two contrasting SO seasons, that is, JFM98 and JFM99.

3.1 Observed precipitation and atmospheric circulation

The mean observed precipitation and winds over South America and surrounding oceans

during a normal JFM are shown in Figure lc and 2c. The global monthly precipitation estimates

at 2.5x2 ° horizontal resolution used here are based on gauge observations, satellite estimates, and

numerical weather predictions (Xie and Arkin 1997). NCEP reanalyses are also available at

2.5x2 ° horizontal resolution. During JFM the Atlantic and Eastern Pacific Intertropical

Convergence Zone (ITCZ) are weakest and located at their southernmost position just north of the

Equator (Zhou and Lau 2001). In a normal year, JFM precipitation in excess of 9 mm day j occurs

throughout the Amazon basin with a maximum of 12 to 15 mm day 1 at the mouth of the Amazon

river. Over the SACZ, precipitation in excess of 6 mm day 1 is observed. The SSA region receives

over 3 mm day _ of precipitation during a normal JFM. The mean observed summertime low-level

flow over tropical South America is dominated by the circulation around the South Atlantic

subtropical high (Figure lc). Easterly winds flow from the equatorial Atlantic into the continent

and become channeled southward by the Andes Mountains into the SALLJ. The observed mean

summertime upper-level circulation over South America (Figure 2c) is characterized by the

presence of a prominent anticyclone centered over Bolivia (also known as the Bolivian high), the
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subtropicaljet, andatroughoverNortheasternBrazil.Upwardverticalvelocitiesprevailoverthe

Amazonbasin,SACZregionandovertheAtlanticITCZ(Figure2c).

Figure 1 shows the Xie-Arkin precipitation and NCEP low-level wind anomalies for JFM

of the 1998 El Nifio and JFM of the 1999 La Nifia. Anomalies were computed with respect to the

JFM mean for all normal years. By definition, the Nifio year had stronger rainfall and weaker

trade-wind easterlies in the equatorial Eastern Pacific. Strong precipitation and wind anomalies

also occurred in the Atlantic and South American sectors. While JFM98 (Nifio year) had

precipitation about 20 percent below average in the Atlantic ITCZ and Amazon basin, JFM99

(Nifia year) had rainfall over 30 percent above average in the Western Amazon basin and in the

Atlantic ITCZ. The Bolivian Altiplano had nearly 30 percent less rainfall than normal during

JFM98. Strong differences also occurred in the SSA region where up to twice as much

precipitation occurred during the Nifio than during the Nifia year. Both years had below average

precipitation in the SACZ region during JFM. The stronger low-level trade-wind easterlies in the

Amazon basin during JFM98 may have contributed to a stronger SALLJ, which in turn produced

increased moisture flux into the SSA region during JFM98 than during JFM99. Zhou and Lau

(2001) found a statistically significant positive correlation between the tropical Eastern Pacific

sea-surface temperature and the strength of the SALLJ. They argue that the eastward shift of

equatorial Pacific precipitation during an El Nifio year causes a strengthening of the South

Atlantic subtropical high which is in turn associated with stronger equatorial Atlantic easterlies

and a stronger SALLJ.

The upper-level NCEP winds are shown in Figure 2. During JFM98 stronger than normal

upper tropospheric equatorial westerlies were found in the Atlantic Ocean. Combined, the upper

and lower-troposphere circulation and precipitation anomalies observed during JFM98 are

consistent with an eastward displacement of the Walker circulation (Gill 1980, Gill and
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Rasmusson1983).Thestrongerthannormalupper-troposphericsubtropicaljet that occurred

duringJFM98mayalsohavefavoredtheformationof morelargeconvectivecloudsystemsand

strongerprecipitationin theSSAregion.

3.2 Convective system IR statistics

A further triage of the convective cloud systems tracked by MASCOTTE was produced

based of their size, duration, and eccentricity so as to isolate the largest, longest-lived 'MCC-like'

systems. This triage consisted of eliminating from the statistics convective cloud systems that did

not obey the following criteria: a) area covered by the 220°K contour greater than 2x105 km, b)

area covered by the 210°K contour greater than lxl04 km, c) eccentricity greater than 0.2, and d)

duration of at least 3 consecutive images (or at least 6 hours). As discussed in the Introduction,

we relaxed the eccentricity criterion in the MCC definition so as to include all systems with large,

long-lived cloud shields, without restricting the sample to only those systems with circular cloud

shields. From the more than two thousand systems originally tracked by MASCOTTE, only 135

obeyed the above criteria.

The JFM98 and JFM99 spatial distributions of large, long-lived convective cloud systems

at the time when they were largest are shown in Figure 3. Convective cloud systems were

distributed among the three regions labeled in Figure as SSA, TROPICS, and SACZ. For the

purposes of this study, the SACZ and SSA regions are defined as the two regions where strongest

less than 90-day variance of OLR occurs in South America (Figure 3a of Liebmann et al. 1999).

The SSA region was moreover constrained to remain to the south of the mean position of the axis

of the SALLJ. The remainder of South America, and the Tropical Atlantic are defined as

TROPICS.

14



Table1showsthenumberof individualconvectivecloudsystems,aswell astheirmean

durationandmeanmaximumareacategorizedby yearandregion.Althougheachconvective

systemis trackedby MASCOTTEusingthe 220°Kcontour,theposition,eccentricity,and

maximumareaof the210°Kcontourareusedto characterizeeachof theconvectivecloud

systemsshownin Figure3 andTable1. Overall,therewerehalf asmanyconvectivecloud

systemsin SouthAmericaduringJFM98astherewereinJFM99.Whilethemajorityof theSouth

AmericanconvectivecloudsystemsduringJFM98occurredin theSSAregion,themajorityof

convectivecloudsystemsin JFM99occurredin theTROPICSregion. In theSSAregion,there

werefifty percentmoreconvectivecloudsystemsduringJFM98(El Nifio) thanduringJFM99

(La Nifia).VelascoandFritch(1987)founda similarENSOmodulationfor MCCsin theSSA

region,with twiceasmanyMCCsduringthe1982-1983El Nifiothanduringthe1981-1982non-

El Nifio year. Besidesbeingmorenumerous,the JFM98SSAregionsystemshad mean

maximumareaabout40percentlargerthanthoseduringJFM99.In theTROPICSregion,there

wereaboutsix timesmoresystemsduringJFM99thanduringJFM98.TheJFM99systemsin the

TROPICSregionhadmeanmaximumareaabout10percentlargerthanthosein JFM98.The

numberof convectivecloudsystemsin theSACZregioninJFM99wastwicethatofJFM98.

Hence,the increasedprecipitationin the SSAregionduringJFM98(Figurela) is

associatedwith theoccurrenceof moreandlargerconvectivecloudsystems.Likewise,the

increasedprecipitationin the landportionof theTROPICSregion(Figurelb) duringJFM99is

associatedwith theoccurrenceof moreandslightly largerconvectivecloudsystemsduring

JFM99thanduringJFM98.The goodagreementbetweenthe resultsof the MASCOTTE

convectivesystemstatisticsandthemeanXie-ArkinprecipitationisexpectedsincetheGOESIR

imageryis oneof thedatasetsusedin theXie-Arkinestimationof precipitation.Theconvective
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systemstatistics,however,producesinformationon thespatialorganization(location,size)and

temporaldistribution(timeof occurrenceandduration)of precipitatingeventsthatis absentin the

Xie-Arkinprecipitationdataset.

Only8 of the135largeconvectivecloudsystemsin thisstudyoccurredovertheAtlantic

Ocean(Figure3). Althoughmanyfrontal systemspassedthroughtheoceanicportionsof the

SACZandSSAregions,only 5 of theoceanicconvectivecloudsystemsembeddedin these

frontalregionsobeyedthenecessarycriteriafor inclusionin thisstudy.Thisis in partduetothe

fact thatcloudshieldsof oceanicconvectivecloudsystemswerein generalwarmerandmore

elongatedthanthoseof convectivecloudsystemsthatoccurredoverland.In theAtlanticITCZ

region,only3convectivecloudsystemsobeyedthecriteriaestablishedforinclusionin thisstudy.

A histogramof thetimeof daywhenall convectivecloudsystemsof JFM98andJFM99

reachedtheirmaximumcoldcloud-shieldareafor eachof thethreestudyregionsis shownin

Figure4. In goodagreementwithpreviousstudies(e.g.,Anagnostouetal. 1999),mostconvective

cloudsystemsin theTROPICSandSACZregionsreachedtheirmaximumcoldcloud-shieldarea

in the lateafternoonto earlyeveninghours.In theSSAregionmostconvectivecloudsystems

reachtheirmaximumcoldcloud-shieldareain thenighttimetoearlymorninghours,alsoin good

agreementwithpreviousstudies(e.g.,VelascoandFritsch1987).

In summary,wehaveshownthatverydifferentconvectivesystempopulationsandlarge-

scalecirculationandprecipitationpatternsoccurredovermostof SouthAmericaduringJFM98

andJFM99.Strongerrainfallin theSSAduringJFM98wasassociatedwithmorenumerousand

largerconvectivecloudsystemsduringthatyear.ThetroposphericcirculationduringJFM98

includeda strongerSALLJanda strongerupper-troposphericsubtropicalwesterlyjet, bothof

whichhavebeenshownin previousstudiesto favortheformationof large,long-livedconvective
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cloudsystems(e.g.Maddox1980,VelascoandFritsch1987).Increasedsubsidenceduringthe

Nifio year(Figure4a)causeda decreasednumberof convectivecloudsystemsanddecreased

precipitationin theAmazonbasinwhencomparedtotheNifiayear.

4. Submonthly variability of the SALLJ and convective system statistics

Pilot balloon observations at Santa Cruz and Trinidad (Bolivia; see Figure 3 for the

location of these stations) are available for some portions of the study period. Santa Cruz and

Trinidad are located in the region where the SALLJ is maximum (see Figure lc). The mean

NCEP low-level jet intensity at 850 mb was about 8 ms" during JFM98 and only about 4 ms _

during JFM99 (figure lc). The pilot balloon observations at Trinidad and Santa Cruz were not

assimilated by the NCEP reanalysis and therefore provide independent verification of the NCEP

products. Figures 5 and 6 show timeseries of the observed 850 mb meridional wind at Santa Cruz

and Trinidad along with the timeseries of meridional winds analyzed by the NCEP reanalysis at

the model gridpoint that is closest to Santa Cruz. Since the Santa Cruz pilot balloon dataset for

JFM99 is very incomplete, we use the dataset collected at the nearby station of Trinidad during

JFM 1999. While overall it can be said that the NCEP reanalysis captures well the meridional

variability of the low-level wind, it is important to point out some discrepancies. The NCEP

reanalysis seems to have overestimated the northerlies during the second half of February 1998

and underestimated the strength of the southerly winds associated with the SACZ episode in mid-

February, resulting in what may be an unrealistically strong analyzed mean northerly jet in

Bolivia during February of 1998.

The Brazilian Space Agency's monthly climate bulletin, Climan_lise, provides

information on the passage of fronts in South America as well as on the status of the SACZ. Thin

solid lines at the bottom of Figures 5a and 6a denote times when a frontal system was present
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anywherealongtheAtlanticcoastof SouthAmerica.Thelow-levelmeridionalwindsignatureof

a frontalpassageis markedby periodsof northerlywindsfollowedby southerlywinds.Good

examplesarethefrontalsystemsthatoccurredonJanuary7-111998andFebruary10-151998.

Thelatterbecamestationaryoverthecoastof RiodeJaneirobetweenFebruary12-16constituting

thefirst SACZepisodeof 1998.Theboxesat thebottomof Figure5amarkthepresenceof the

SACZ.TheSACZ episodeof Februaryof 1998wasassociatedwith very stronglow-level

southerlywindsin SantaCruzthat lastedfor a few daysandreached30ms_. On average,the

threeSACZperiodsthatoccurredduringJFM 1998andJFM 1999wereperiodsof suppressed

northerlyflow in Bolivia.Notethatnotall frontspenetratedeepenoughinto lowerlatitudesto

affectstationsinBolivia.It is interestingto pointoutthatwhiletheFebruary1998SACZepisode

wasproducedby onefrontal system,the SACZ episodesthat occurredduringJanuaryand

Februaryof 1999wereeachproducedbytwoormorefrontsthatbecamestationarysomewherein

thesoutheasterncoastof Brazil.

An analysisof thesubmonthlyvariabilityof theSALLJandSACZ and their relationship

to the presence of convective cloud systems in SSA is now presented. The histograms in Figures

5b and 6b show the number of occurrences of large convective cloud systems in the SSA and

SACZ regions. The vast majority of large convective cloud systems in the SSA region occurred

when there were strong low-level northerly winds in Bolivia. These strong bursts of low-level

northerly winds carry into the SSA the tropical moisture that fuels the large convective cloud

systems that occur in that region. SACZ periods were marked by weak northerly or even

southerly winds in Bolivia and no convective cloud systems in the SSA region.

In summary, Figures 5 and 6 show that in the absence of the SACZ there is a tendency

for stronger low-level northerly winds in Bolivia as well as a tendency for a higher number of

mesoscale systems in the Plata river basin. The interannual variability of the SALLJ and
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precipitationin the SSA region observed between JFM98 and JFM99 is in part explained in terms

of the variability of the SACZ on submonthly timescales. During SACZ periods, the SALLJ tends

to be displaced away from the Andes mountains effectively cutting off the tropical moisture

supply for the SSA region (e.g. Nogues-Paegle and Mo, 1997, Seluchi and Marengo 2000,

Herdies et al. 2002, Rickenbach et al. 2002). Therefore SACZ periods are characterized by

southerly winds in Bolivia and nearly no precipitation in SSA. While the SACZ was present for

more than a month during JFM99, it was present for less than a week during JFM98. The weaker

presence of the SACZ over South America during JFM98 than during JFM99 also contributed to

a stronger SALLJ in Bolivia and stronger precipitation in the SSA during JFM98.

4. Conclusions

An observational study of the January-March 1998-1999 differences in atmospheric

circulation and occurrence of large, long-lived convective cloud systems in South America was

presented. A unique aspect of the present study is to examine the variability of precipitation

during January-March 1998-1999 in South America in conjunction with the daily variability of

large convective cloud systems and atmospheric circulation patterns such as the SACZ and the

SALLJ.

Strongly contrasting Southern Oscillation conditions prevailed during JFM98 and JFM99.

While during JFM98 one of the strongest El Nifio episodes in record was under way in the Pacific

Ocean, strong La Nifia conditions prevailed in the Pacific Ocean during JFM 1999.

An objective analysis technique (Carvalho and Jones 2001) was used to identify large,

long-lived convective cloud systems in IR imagery. Statistics were compiled on systems whose a)
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areacoveredby the220°Kcontourwasgreaterthan2x105km,b) areacoveredby the210°K

contourwasgreaterthanlxl04 km,c)eccentricitywasgreaterthan0.2,andd) lastedfor atleast3

consecutiveimages(orat least6 hours).Overall,half asmanyconvectivecloudsystemswere

observedin SouthAmericaduringJFM98astherewerein JFM99.Moreover,whilethemajority

of theSouthAmericanconvectivecloudsystemsduringJFM98occurredin theSSAregion,the

majorityof convectivecloudsystemsinJFM99occurredin theTROPICSregion.

Muchof theprecipitationin the subtropicalregionsof SouthAmericais producedby

mesoscaleconvectivecloudsystemsliketheonesdescribedabove.In theSSAregion,therewere

fifty percentmoreconvectivecloudsystemsduringJFM98(El Nifio) thanduringJFM99(La

Nifia).DuringJFM98convectivecloudsystemsin the SSAregionhadmeanmaximumarea

about40 percentlargerthanthoseduringJFM99.Thepresenceof largerandmorenumerous

convectivecloudsystemsin theSSAregionduringJFM98translatedintonearlytwiceasmuch

largerainfallin theSSAregionduringJFM98thanduringJFM99.

In theTROPICSregionnearlysix timesmoreconvectivecloudsystemswereobserved

duringJFM99thanduringJFM98.Thiswasaccompaniedby moreplentifulprecipitationin the

Amazonbasinandin theBolivianAltiplanoduringJFM99thanduringJFM98.Thesuppressed

precipitationin theTROPICSregionduringJFM98wasassociatedwith enhancedsubsidence

associatedwithaneastwardshiftof thePacificWalkercirculation.

On submonthlytimescales,themajorityof the largeconvectivecloudsystemsin SSA

occurredduringperiodsof stronglow-levelnortherlywindsin Bolivia.Thesestrongburstsof

low-levelnortherlywindscarriedtropicalmoisturesouthwardfuelingthelargeconvectivecloud

systemsthatoccurredin theSSAregion.In theabsenceof theSACZtherewasatendencyfor
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strongerlow-levelnortherlywindsinBolivia (Rickenbachetal.2002,andHerdiesetal. 2002) as

well as a tendency for a higher number of convective cloud systems in subtropical South America

(Sugahara et al. 1994).

According to the NCEP reanalysis, the SALLJ was nearly twice as strong during JFM of

the 1998 Nifio episode than during the same period of the 1999 Nifia episode. The stronger

SALLJ during JFM98 produced a strong inflow of moist tropical air into subtropical South

America favoring the formation of larger and more numerous convective cloud systems and more

plentiful precipitation in SSA during that year. The presence of a stronger than normal subtropical

jet during JFM98 also favored the formation of more convective cloud systems in the SSA region

during that year.

To the extent that trade winds over the Amazon basin are channeled southward by the

Andes Mountains (e.g. Gandu and Geisler 1991, Seluchi and Marengo 2000), it is possible that

the strengthened trade easterly winds across the Amazon basin contributed to a stronger SALLJ.

The variability of the SACZ on submonthly timescales may also have contributed to the observed

differences in SALLJ strength and precipitation in the SSA region during JFM98 and JFM99.

While the SACZ was present during more than a month in JFM99, it was present for only a few

days in JFM98. During SACZ periods, the SALLJ tends to be displaced towards western and

southeastern Brazil, carrying tropical moisture away from the SSA region (e.g. Nogues-Paegle

and Mo, 1997, Herdies et al. 2002, Rickenbach et al. 2002). As a result of the eastward

displacement of the SALLJ, southerly winds prevail in Bolivia and very little precipitation occurs

in SSA during an SACZ episode. Hence, the weaker presence of the SACZ over South America

during JFM98 than during JFM99 contributed to a stronger SALLJ in Bolivia and stronger

precipitation in the SSA during JFM98. Both interannual variability associated with the SO, and

submonthly variability associated with the SACZ contributed to a stronger SALLJ in Bolivia, and
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to morenumerousandlargerconvectivecloudsystemsandenhancedprecipitationin theSSA

duringJFM98.WhileonintraseasonaltimescalestheSACZvariabilityis tiedtothevariabilityof

theSouthPacificconvergencezonethrougha Rossbywave-guidein theSouthPacificOcean

(Nogues-PaegleandMo 1997,Liebmannet al. 1999),theinterannualvariabilityof theSACZ

remainstobeassessed.

The2001energycrisisin Brazilunderscorestheimportanceof understandingrainfall

variabilityin SouthAmerica.Brazilrelieson its nearly600hydroelecticdamsfor 90percentof

its electricitysupply.SouthAmericaasa wholerelieson hydroelectricpowerfor about50

percentof its electricityneeds.A betterunderstandingof thevariabilityof precipitationin South

Americacouldleadto a betterseasonalpredictionof precipitationandimprovethemanagement

of energyproductionandconsumption.
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JFM98

JFM99

Number

Max. Area (106 km 2 )

Mean Duration (h)

Number

Max. Area (106 km 2 )

Mean Duration (h)

TROPICS SACZ SSA

10 8 26

10.6 9.4 10.8

16 11 20

56 16 17

10.4 13 7.5

15 17 18

Table 1: Number, maximum area of the 210K cloud shield, and duration of convective cloud

systems tracked by MASCOTTE in JFM98 and JFM99 in the TROPICS, SACZ, and

SSA regions.
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Figure Captions

Figure 1: Xie-Arkin precipitation and 850 mb NCEP winds, a) 1998 anomalies, b) 1999

anomalies, and c) normal. All anomalies are calculated with respect to the normal

composite. Normal years were 1979-1982, 1984-1986, 1988, 1990, 1991, 1993, 1994,

1996, and 1997.

Figure 2: Same as Figure 3, but for the 200 mb NCEP winds.

Figure 3: Spatial distribution of convective cloud systems tracked by MASCOqq'E during a)

JFM98 and b) JFM99. Circles denote the position and size of each convective system at the

time of maximum area (measured as the area defined by the 210°K brightness-temperature

contour). The area of each circle is about a fifth of the area of the corresponding convective

system.

Figure 4: Histogram of the time of day when all convective cloud systems that occurred during

JFM98 and JFM99 reached their maximum cold cloud-shield area (measured as the area

defined by the 210°K brightness-temperature contour) for each of the three study regions.

Figure 5:JFM98 submonthly variability of the low-level winds in Santa Cruz, Bolivia, as well as

fronts,and SACZ episodes in south America, and convective cloud systems in the SSA and

SACZ regions. A) Meridional component of the wind in Santa Cruz, Bolivia during

JFM98. Asterisks linked by solid lines denote pilot balloon observations and dashed lines

denote NCEP reanalysis data at the datapoint closest to Santa Cruz. Solid boxes and thin

solid lines at the bottom of a) denote SACZ periods and frontal systems, respectively. B)
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histogramof thenumberof convectivecloudsystemsthatoccurredin theSSA(darkgrey)

andSACZregions(lightgrey).

Figure6: SameasinFigure5,butforJFM99.
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JFM NCEP 500 mb Vertical Velocity and 200 mb winds
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a) JFM 1998 (totol=44, TROPICS=t0, SACZ=8, SSA=26)
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b) JFM 1999 (totol=91, TROPICS=56, SACZ=16, SSA=17)
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